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ABSTRACT 
 In the face of rapidly declining pollinator populations, habitat restoration is increasingly 
being used to 1) help stabilize and enhance pollinator numbers by providing pollen and nectar 
resources throughout the growing season and 2) create habitat for bee nesting.  This study aims 
to evaluate the efficacy of tallgrass prairie reconstructions and pollinator habitat plantings, which 
have been promoted through the U.S. Farm Service Agency as a part of their Pollinator Habitat 
Initiative for the conservation of bees and other pollinators.  Evaluation occurred by comparing 
floral and bee species richness, abundance, and Shannon diversity at pollinator habitat plantings 
(N=5), tallgrass prairie reconstructions (N=6), and remnant tallgrass prairies (N=6).  
Additionally, community composition for both floral and bee species was examined to determine 
dissimilarity among site types.  Floral resource availability data were collected using 
standardized inflorescence counts.  Bee data were collected using sweep netting and pollinator 
bowl traps.  We found no significant differences in floral resource availability among site types 
in 2014.  However, floral resource richness was significantly lower at pollinator habitat planting 
sites than either reconstruction or remnant sites in the year 2015.  Similar to floral resource 
availability in 2014, we found no significant differences in bee abundance, species richness, or 
diversity among site types for 2014 and 2015.  However, the floral and bee community 
compositions of pollinator habitat plantings were significantly different than either 
reconstruction sites and remnant sites, which were nearly equivalent.  These results suggest that 
pollinator habitat plantings and reconstruction sites may be providing similar floral resources and 
supporting similar bee abundances, species richness, and diversity as remnant prairies, but 
pollinator habitat plantings are catering to a significantly different community of floral resources 
and bees.  
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CHAPTER 1: GENERAL INTRODUCTION 
Bees play an important role in the pollination of many systems (Delaplane and Mayer 
2000, Klein et al. 2007) and are responsible for pollinating up to 75% of agricultural crops 
(Winfree 2010).  Sustaining wild bee populations has significant implications in that wild bees 
supplement the pollination activities of managed honeybees in agricultural production (Michner 
2007, Winfree 2007).  Declines in managed and wild bee populations over the last half century 
have been well documented and have become a cause for concern (Kearns et al. 1998, Grixti et 
al. 2009, Cameron et al. 2011).  Among the top contributors to these declines are habitat loss and 
degradation because of the resulting loss of nesting and foraging resources necessary to the 
survival of bees and other pollinators (Koh et al. 2016, Potts et al. 2010). 
Interest in habitat restoration has increased due to these rapid declines in pollinators and 
their associated habitats.  Many organizations including The Nature Conservancy have taken on 
a leading role in preserving Missouri’s and Iowa’s prairie heritage through conservation and 
restoration of this highly imperiled habitat. The Grand River Grasslands Conservation 
Opportunity Area, located in Harrison County, Missouri and Ringgold County, Iowa spans 
nearly 62,000 hectares.  Early land surveys indicate that as much as 95% of this landscape, 
which is part of the Central Tallgrass Prairie Ecoregion, existed as native prairie.  Today, 
approximately 84% consists of degraded grassland habitat, mostly non-native cool-season 
grasses such as brome and fescue.  Although overall grassland diversity has declined, 
approximately half of the grasslands contain significant prairie vegetation that is considered 
restorable and provides ample opportunities to examine responses of bee communities to prairie 
habitat restoration work (The Nature Conservancy 2008).   
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In this study, we evaluate floral and bee community responses to three types of prairie 
treatments.  These treatments include 1) prairie remnants, areas of native plant cover that have 
never undergone conversion for agricultural use, 2) prairie reconstructions, areas of land that 
have been seeded with a diverse mixture of native prairie seed and have undergone six or more 
years of management, and 3) pollinator habitat plantings, areas of private land that have been 
seeded to a pollinator friendly mix of flowering plants as promoted by the U.S. Farm Service 
Agency.  The findings from this study will help inform management decisions regarding prairie 
restorations and their use in the conservation of bee communities. 
 
Thesis Organization 
 This thesis is composed of one chapter with the intention of future publication in a 
scientific journal.  Chapter 1 is a general overview of the research presented in Chapter 2 in 
which I evaluate bee communities found in tallgrass prairie reconstructions in northern Missouri 
and southern Iowa to assess the effectiveness of tallgrass prairie habitat restoration in the region.  
Chapter 3 is a general conclusion to the findings in the prior chapter and presents suggestions for 
future research.  Appendix I compares bee community data collected at Dunn Ranch Prairie, a 
property owned by The Nature Conservancy, in 2000 to data collected in 2014 and 2015 to 
assess changes in the bee community. 
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Figure 1: Map depicting the location of study sites used in the bee community research project 
and showing the Grand River Grasslands Conservation Priority Area (outlined in black) located 
in northern Harrison and Atchison counties, Missouri and southern Ringgold county, Iowa.  
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CHAPTER 2: A COMPARISON STUDY OF BEE ASSEMBLAGES ON TALLGRASS 
PRAIRIE REMNANTS, RECONSTRUCTIONS, AND  
CP42 POLLINATOR HABITAT PLANTINGS 
A paper to be submitted to Environmental Entomology 
Hilary J. Haley1,2, Diane M. Debinski1,3, Michael Arduser4 
1Department of Ecology, Evolution and Organismal Biology, Iowa State University, Ames, Iowa 50011 USA; 2The 
Nature Conservancy, Dunn Ranch Prairie, Hatfield, MO 64458 USA; 3Department of Ecology, Montana State 
University, Bozeman, MT 59717 USA; 4The Missouri Department of Conservation, Jefferson City, MO 65109 
 
Introduction 
Through the process of pollination, bees provide vital ecosystem services to crops and 
wild plants and contribute to the maintenance of biodiversity, ecosystem stability, and food 
security (Potts et al. 2010).  Bees are the primary pollinators for most of the crops requiring 
animal pollination (Delaplane and Mayer 2000, Klein et al. 2007), with up to 75% of agricultural 
crops benefiting from pollination by bees (Winfree 2010).  Sustaining wild bee populations has 
significant implications in that wild bees work to supplement the pollination activities of 
managed honeybees in agricultural production (Michner 2007, Winfree 2007) and by doing so, 
contribute benefits of $4.1 to $6.7 billion annually to the United States agricultural economy 
(Kearns and Inouye 1997, Nabhan and Buchmann 1997).  In addition, wild bees are also closely 
linked to maintaining the survival of the often rare and declining plant communities to which 
they are associated (Kearns et al. 1998).  It is estimated that 90% of plant species worldwide rely 
on bee pollination for survival (Winfree 2010).   
In recent years, the plight of both managed and wild bees and their decline in population 
numbers has become a cause for concern (Kearns et al. 1998).  These population declines have 
been connected to declines in ecological functionality of linked plant and pollinator species 
interactions (Biesmeijer et al. 2006).  Of the factors known to contribute to these declines, habitat 
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degradation and loss, which result in the loss of nutrient resources and nesting habitat, are 
considered to be primary threats for native bees (Koh et al. 2016, Potts et al. 2010).  
In the face of rapidly declining pollinator populations, more attention is being given to 
regaining lost and improving existing foraging and nesting habitat for pollinators to help stabilize 
and enhance their numbers.  Not only is the restoration of pollinators and their habitats of critical 
importance in stabilizing and improving crop yields (Allen-Wardell et al. 1998), but plant-
pollinator interactions, once disrupted, will not return to degraded systems unless direct action is 
taken to restore floral, nesting, and over-wintering requirements of pollinators (Exeler et al. 
2009).  The measures needed to implement effective habitat restoration for the conservation of 
pollinator species, especially bees, include determining the minimum viable area needed to 
support a wide diversity of pollinators, reducing isolation among and increasing connectedness 
between fragmented habitats, providing a diversity of nectar and pollen resources throughout the 
growing season, and ensuring a diverse array of suitable nesting substrates.  
 In the last couple of decades, many studies have emerged that aim to increase the 
understanding of these habitat requirements for bees and to develop consistent management 
practices to improve habitat restoration for wild bees.  First among these requirements is the need 
for flowering plant species diversity and abundance.  Pollinator species richness and the 
frequency of pollinator visits improve with greater numbers and abundance of flowering plant 
species in an area (Ebeling 2008).  In fact, bee populations are strongly regulated by the 
availability of food resources (Roulston and Goodell 2011).  Additionally, just as total bee 
diversity has been found to have a strong positive correlation with total floral diversity, overall 
bee abundance is associated with abundance of flowering plant species and quantities of 
resources (nectar and pollen) available to bees (Potts et al. 2003).  The diversity of plant species 
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in restorations does not typically match that of remnant habitats, however floral abundance can 
be higher than in remnants.  It follows that restorations can provide resources for an abundance 
of pollinators, though the diversity may not reach that of pollinator diversity observed in remnant 
areas (Harmon-Threatt and Hendrix 2014).  Some of these differences may be a result of the 
seasonal availability of floral resources.  Restorations often have higher abundances of floral 
resources but within a more narrow window of time in comparison to remnant habitats (Delaney 
et al. 2015). 
Habitat restoration is increasingly used by government agencies, non-government 
organizations (NGO’s), and private citizens to reverse the negative effects of habitat loss and 
degradation on pollinators.  Restoration of flowering plants provides pollen and nectar 
throughout the growing season and create undisturbed habitat for bee nesting.  In particular, the 
U.S. Farm Service Agency promotes habitat restoration through their Pollinator Habitat Initiative 
in the form of CP42 pollinator habitat plantings (Farm Service Agency, retrieved 2014).  This 
initiative provides cost share payments to support non-crop plantings that include native 
flowering plants important to pollinators.  These pollinator habitat plantings must be a minimum 
of 0.02 hectares in size and include a minimum of nine species of native plants that bloom 
throughout the growing season.  Most of these plantings have been established with the notion 
that they will provide pollen and nectar resources for a wide range of pollinators, including wild 
bees, however there are few publications that evaluate the impact these plantings have on 
pollinator conservation. 
In this study, we evaluate the efficacy of tallgrass prairie reconstruction plantings and 
pollinator habitat plantings for the conservation of bees by comparing floral and bee species 
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richness, abundance, and diversity at reconstructed and remnant prairie sites.  We test the 
following hypotheses: 
i.  Prairie remnants will have higher floral and bee species richness, whereas prairie 
reconstructions and pollinator habitat plantings will have higher floral and bee species 
abundances.  Additionally, bee community assemblages will be more similar on sites 
where floral resources are similar. 
ii. The diversity of floral resources and bee species found on pollinator habitat planting 
sites will be less than either the prairie remnant or prairie reconstruction sites and the 
bee community will be dominated by common bee species that are polylectic.  
 
Methods 
Study area 
The study sites for this project were located in and around the Grand River Grasslands, a 
conservation priority area that encompasses more than 61,917 hectares in the Central Tallgrass 
Prairie Ecoregion (Figure 1).  This native grassland restoration area spans the Iowa and Missouri 
border in northern Harrison County, Missouri and southern Ringgold County, Iowa, USA.  Early 
land surveys indicate that as much as 95% of this landscape existed as native prairie prior to 
European settlement.  Today, approximately 84% consists of degraded grassland habitat, most of 
which is comprised of non-native, cool-season grasses such as brome and tall fescue.  Another 
10% exists as cropland and 5% as timber.  Close to 15% of the Grand River Grasslands is 
managed as natural areas with emphasis on tallgrass prairie conservation.  Due to these 
characteristics, the Grand River Grasslands represents one of the best examples of an untilled, 
deep loam soil tallgrass prairie landscape in the Central Tallgrass Prairie Ecoregion (The Nature 
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Conservancy 2008).  For this study, a total of 17 sites consisting of six remnant prairies, six 
prairie reconstructions (each having at least six years of growing seasons and 50+ established 
prairie plant species), and five pollinator habitat plantings (each having at least two years of 
growing seasons and at least nine established prairie plant species) were sampled (Table 1).  The 
remnant prairie sites included in this study were all characterized by various degrees of degraded 
prairie vegetation, but all had an intact soil profile.  Past management of the remnant prairie sites 
include grazing and haying, but no tillage.  The remnant and reconstruction sites ranged in size 
from 9 hectares to 100 hectares.  All five of the pollinator habitat plantings were approximately 1 
hectare in size and were located within Harrison County, Missouri.   
Bee sampling 
Sweep netting and pollinator bowl traps were used to collect bee samples over a two-year 
period, 2014 and 2015, with sampling occurring from May through September each year.  Six 
rounds of sweep netting occurred each year with each round corresponding to the peak bloom of 
six target plant species:  Foxglove Beardtongue (Penstemon digitalis), Leadplant (Amorpha 
canescens), Purple Prairie Clover (Dalea purpurea), Grey-headed Coneflower (Ratibida 
pinnata), Prairie Blazingstar (Liatris pycnostachya), and Sawtooth Sunflower (Helianthus 
grosseserratus).  These species of plants were chosen because we expected that they would be 
present on most of the chosen study sites, they bloom sequentially throughout the season, and 
they have been found to be highly attractive to bees (Arduser 2015, Harmon-Threatt and Hendrix 
2014).  During each round of sweep netting, bees were sampled from 12 individual plants of the 
target plant species at each site where the target plant species was present.  Sampling occurred 
for 15 minutes per individual plant for a total of three hours of sampling effort per target plant 
species at each site.  Sampling was conducted under optimal conditions (18°C or warmer, less 
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than 5% cloud cover, and light winds less than 16 km/h) between 0900-1600 hours.  Netted bees 
were then transferred to site-specific kill jars and identified to species (Arduser 2014, Ascher and 
Pickering 2015, Mitchell 1960, Mitchell 1962).   
Pollinator bowl traps were also used to sample bees at each site (Droege et al. 2010, 
Roulston et al. 2007).  These traps consisted of 96 mL plastic cups which were painted one of 
three colors: fluorescent blue, fluorescent yellow, or white.  These colors are known to be highly 
attractive to bees.  Cups were filled two-thirds of the way full with a soap and water solution and 
each cup was attached one meter above ground-level to a bamboo stake.  Bamboo stakes with 
cups attached were placed 20-meters apart along a 100-meter long transect at each site with a 
total of six cups used per transect in an alternating, non-random pattern to include two bowls of 
each of the three colors (Grundel et al. 2011).  These cups were then left out for approximately 
seven hours each sampling period.  Sampling was conducted twice during the summer at each 
site, once in mid-June and again in early August, and on days where temperatures were above 
18 C, wind speeds were below 16 km/h, and little to no cloud cover occurred.  Bees captured in 
bowl traps were transferred to site specific Whirl-Pak bags and stored in ethyl acetate until 
specimens could be processed and identified to species (Arduser 2014, Ascher and Pickering 
2015, Mitchell 1960, Mitchell 1962). 
Floral resource sampling 
At each of the 17 study sites, floral resource availability was sampled along three 
permanent 100-meter long transects, in which one of the three transects utilized the previously 
established bee bowl trap transect.  Transects were laid out north to south where possible, with 
slight variations made due to geographical obstacles or physical barriers, with a minimum 
distance of 50 meters between transects.  Pollinator habitat planting sites were large enough to 
10 
 
accommodate only one 100-meter long transect.  Floral resource abundance and species richness 
data were gathered during each round of bee sweep netting by counting the number of 
inflorescences of each blooming plant species within a one-meter wide swath along each 
transect.  The largest consistent floral component was used to determine what constituted an 
inflorescence for each species based on methods used by Rotenberry (Rotenberry 1990).  The 
number of inflorescences for each flowering species was totaled and averaged across transects 
for each study site.  All blooming plant species were identified to the species level (Steyermark 
1972). 
Statistical analysis 
The top ten most abundant bee species for each site type was calculated by summing the 
total number of bee specimens collected from each site type via sweep nets and pollinator bowl 
traps for each year separately (Figure 2).  No statistical analysis was performed at the species 
level, but raw results are presented to provide information on bee species composition per site 
type.  We compared the total abundance, species richness, and diversity of native bees and floral 
resources on the three different site types (prairie remnants, prairie reconstructions, and 
pollinator habitat plantings) separately for each of the sampling years, 2014 and 2015.  To 
perform the statistical analysis of the bee community measures, a subset of the data which 
included bee specimens collected only through sweep net sampling was used because these data 
were most robust.  Whereas the data collected by sweep netting included multiple rounds of 
sampling over two years, the data collected by pollinator bowl traps did not include adequate 
replications for analysis.  To calculate native bee abundance, bee specimens collected through 
sweep net sampling were summed across rounds of sampling by site type within each of the two 
sampling years.  Species richness was defined as the total number of species collected in each 
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site by round of sampling and site type for each of the two sampling years.  Similar to native bee 
abundance, floral resource abundance was calculated by summing the total number of flowering 
inflorescences by round of sampling and site type for 2014 and 2015.  We defined the species 
richness for the floral resources as the total number of flowering plant species identified in each 
round of sampling and by site type for each of the sampling years.  For both native bee and floral 
resources, diversity was calculated using the Shannon diversity index (Magurran 2004) for each 
round of sampling and site type.   
We used linear mixed effect models assuming a Gaussian distribution to assess 
significant differences in native bee and floral resource species richness and diversity and floral 
resource abundance among site types by round and by sampling year using round, site type, and 
round by site type as fixed effects and site as a random effect.  Floral resource abundance data 
were log transformed to meet assumptions of normality.  To compare native bee abundances, a 
linear mixed effect model was constructed assuming a log-normal Poisson distribution with 
round, site type, and round by site type as fixed effects and site as a random effect.  For all 
models, sampling only rounds 3, 4, and 6 were used in the analysis because these rounds 
contained data across all treatments.  Sampling rounds 1, 2, and 5 were deficient in data due to 
the target plant species not being present on all sites, which resulted in no sampling on one or 
more treatments.  In addition, Satterthwaite degrees of freedom were used to adjust for unequal 
variances.  All mixed effect model analyses were performed using SAS 9.4 (SAS Institute 2013). 
To assess native bee and floral resource species composition, we used non-metric 
multidimensional scaling (NMDS) ordination in the vegan package (Oksanen et al. 2017) in R, 
version 3.2.5 (R development team, 2016).  To test for differences in native bee and floral 
resource species composition by site type, we performed Procrustes ANOVA analyses using the 
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geomorph package (Adams et al. 2016) in R.  Analyses were based on Bray-Curtis dissimilarity 
measure.  For visual interpretations, the ggplot2 package (Wickham and Winston 2016) in R was 
used to produce graphics from the results of the mixed effect model analyses and NMDS 
ordinations. 
 
Results 
Bee community trends 
Over the two sampling seasons in 2014 and 2015, a total of 8,512 individual bees were 
collected from the three site types by sweep nets and pollinator bowl traps.  These 8,512 bees 
represent 30 genera and 104 species (Supplemental Table 1).  The dominant bee species 
collected not only varied by site type, but also between years by site type.  In 2014, a total of 
1,762 bees representing 77 species were collected from remnant prairie sites (REM) with 
Lasioglossum albipenne being the most common at 13.0% of the bees collected.  A total of 1,723 
bees made up of 68 species were collected from prairie reconstructions sites (REC), the most 
common species being Lasioglossum albipenne at 16.8% of the bees collected.  From the 
pollinator habitat planting sites (PHP) a total of 253 bees comprising 34 species were collected 
with Halictus ligatus being the most common at 28.5% of the bees collected.  In 2015, a total of 
2,408 bees representing 62 species were collected from REM sites, with the most common 
species, Augochlorella aurata, making up 19.4% of the bees collected.  A total of 1,941 bees 
consisting of 59 species were collected from REC sites, the most common of which was Apis 
mellifera making up 18.3% of the bees collected.  From the PHP sites, a total of 425 bees were 
collected representing 40 species.  Again, the most common species collected was Apis mellifera, 
making up 19.3% of the bees collected (Figure 3). 
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Overall abundance of bees collected through sweep netting methods was first compared 
among site types by sampling year (Figure 4a).  No significant differences were found in the 
overall abundance of bees when comparing the three site types for either 2014 or 2015.  In 2014, 
the overall abundance of bees collected from PHP sites was not significantly different from 
either the REC sites (t = 0.12, df = 27.46, p = 0.91,) or the REM sites (t = 1.3, df = 22.69, p = 
0.21,).  However, REC sites were found to have slightly higher abundances than REM sites, with 
a p-value that could be considered marginally significant at the 0.05 < p < 0.1 level (t = 1.87, df 
= 18.48, p = 0.08).  We considered results of 0.05 < p < 0.1 “marginally significant” and report 
them here because we considered them to be biologically meaningful.  In 2015, similar results 
were found when evaluating differences in bee abundance among site types.  No significant 
differences were found between PHP sites compared to REC sites (t = 0.72, df = 14.59, p = 0.48) 
or compared to REM sites (t = 1.26, df = 13.83, p = 0.23).  In addition, no significant differences 
were found between REC sites compared to REM sites (t = 1.16, df = 12.26, p = 0.27) in 2015. 
Comparisons among site types by sampling round were also performed.  An ANOVA 
(Table 2) showed that bee abundance was significantly affected by round and round*site type 
interaction in 2015.  Bee species richness in 2014 was also affected by round.  Bee diversity was 
significantly affected by round in both 2014 and 2015.  Floral abundance was significantly 
affected by round*site type interactions in 2014.  Floral species richness was significantly 
affected by round in 2014 and 2015 and site type in 2015.   Floral diversity was significantly 
affected by round in 2014.    
Bee abundance was compared among site types by sampling round (Figure 5a) for each 
of the sampling years.  In round six of sampling (September), PHP sites had significantly higher 
bee abundances than REM sites in 2014 (t = 2.29, df = 21.99, p = 0.03) and in 2015 (t = 2.17, df 
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= 17.49, p = 0.04).  Additionally, PHP sites were found to have marginally significantly higher 
abundances than REM sites in round four in 2014 (t = 1.87, df = 18.41, p = 0.08).  REC sites 
were found to have marginally significantly higher abundances than REM sites in rounds three (t 
= 1.76, df = 18.59, p = 0.095), four (t = 1.89, df = 19.14, p = 0.07), and six (t = 1.88, df = 20.4, p 
= 0.07) in 2014 and round six in 2015 (t = 2.06, df = 13.28, p = 0.06).  
 When comparing bee species richness among site types by year, no significant 
differences were found in either 2014 or 2015 (Figure 4b).  In 2014 and 2015, no significant 
differences were found in bee species richness for PHP sites compared to REC sites (2014: t = -
1.17, df = 30.61, p =0.25 and 2015: t = -0.73, df = 24.04, p =0.47) or compared to REM sites 
(2014: t = -1.31, df = 30.65, p = 0.20 and 2015: t = -1.27, df = 24.3, p = 0.22).  Nor were 
significant differences found between REC sites compared to REM sites for 2014 or 2015 (2014: 
t = -0.23, df = 9.6, p = 0.82 and 2015: t =-0.73, df = 13.48, p = 0.48).   
When comparing bee species richness by sampling round, no significant differences 
among site types were found in 2014 (Figure 5b).  However, significant differences were found 
in the third round (late July) in 2015 between PHP compared to REM sites and between PHP 
compared to REC sites.  During this round, PHP sites were found to have significantly lower bee 
species richness than REM sites (t = -2.15, df = 28.05, p = 0.04) and marginally significantly 
lower bee species richness than REC sites (t =  -1.78, df = 28.04, p = 0.086).  
 No significant differences in Shannon diversity of the bee species were found when 
comparing site types by year (Figure 4c) for either 2014 or 2015.  However, the Shannon 
diversity of the bee species for PHP sites when compared to REM sites was found to be 
marginally significantly lower in 2014 (t = -1.99, df = 15.34, p = 0.07). 
15 
 
When the Shannon diversity of bees for the site types were compared by sampling round, 
significant differences were found among rounds in 2014, but not 2015 (Figure 5c).  In 2014, 
Shannon diversity of PHP sites was found to be significantly lower than REC sites (t = -2.19, df 
= 30.97, p = 0.04) and REM sites (t = -2.24, df = 30.97, p = 0.03) for round three (late July).  
However, no significant difference was found in REC sites compared to REM sites for round 
three (t = -0.08, df = 27.12, p = 0.94).  No significant differences were found among site types by 
sampling round in 2015. 
 Bee community composition by site type was found to be significantly different in 
ordination space between PHP sites and REC sites (Procrustes ANOVA: p = 0.003) in 2014 
(Figure 6a) and in 2015 (Procrustes ANOVA: p = 0.020) (Figure 6b).  Similarly, bee community 
composition was found to be significantly different in ordination space between PHP and REM 
sites in 2014 (Procrustes ANOVA: p = 0.001) and in 2015 (Procrustes ANOVA: p = 0.001).  
However, REC and REM sites were not found to be significantly different based on bee 
community composition for 2014 (Procrustes ANOVA: p = 0.993) and 2015 (Procrustes 
ANOVA: p = 0.654). 
Floral resource trends 
A combined total of 449,941 inflorescences representing 145 species were counted and 
identified to species during the 2014 and 2015 field seasons (Supplemental Table 2).  Of this 
combined total, 416,068 inflorescences (92.5%) were from native plants, consisting of 121 
species.  The remaining 33,873 inflorescences (7.5%) were from exotic plants, representing 24 
species.  In 2014, the percentage of total inflorescences in the three site types that were native 
species ranged from 82.4% to 92.0%.  REM sites had a total of 57,703 inflorescences.  Of this, 
92.0% were native species.  REC sites had a total of 64,477 inflorescences, with 82.4% being 
16 
 
native species and PHP sites had a total of 40,423 inflorescences, with 83.8% being native 
species.  In 2015, the percentage of total inflorescences in the three site types that were native 
species ranged from 95.8% to 96.5%.  REM sites had a total of 129,269 inflorescences.  Of this, 
95.8% were native species.  REC sites had a total of 130,520 inflorescences, with 96.1% being 
native species, and PHP sites had a total of 27,549 inflorescences, with 96.5% being native 
species. 
No significant differences in the overall floral resource abundance were found among the 
site types when comparing by sampling year (Figure 7a).  In 2014, the overall floral resource 
abundance was not found to be significantly different in PHP sites compared to either the REC 
sites (t = 0.94, df = 13.99, p = 0.36) or the REM sites (t = 1.10, df = 13.99, p = 0.29).  In 
addition, no significant difference was found between REC sites and REM sites (t = 0.17, df = 
13.6, p = 0.87) in 2014.  In 2015, similar floral resource abundance results were found when 
comparing among site types.  No significant difference was found between PHP sites and REC 
sites (t = -1.69, df = 14, p = 0.11) or REM sites (t = -1.12, df = 14, p = 0.28).  Additionally, no 
significant results were found between REC sites and REM sites (t = 0.59, df = 14, p = 0.57) in 
2015. 
Floral resource abundance was also compared among site types by sampling round 
(Figure 8a).  In 2014, PHP sites were found to be significantly higher than REC sites (t = 2.43, df 
= 28.02, p = 0.22) and REM sites (t = 2.64, df = 28.02, p = 0.14).  No significant differences 
were found between the REC sites and REM sites for any round in 2014.  In 2015, no significant 
differences were found among any site type for floral resource abundance when compared 
among sampling rounds. 
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 Comparisons of the floral resource species richness among site types by year revealed 
significant differences in 2014 and 2015 (Figure 6b).  The floral resource species richness in 
2014 was marginally significantly lower in PHP sites when compared to REC sites (t = -1.93, df 
= 14.36, p = 0.074) and REM sites (t = -1.82, df = 14.36, p = 0.09).  In 2015, floral resource 
species richness in PHP sites was significantly lower when compared to both REC sites (t = -
5.13, df = 14, p = 0.0002) and REM sites (t =     -4.65, df = 14, p = 0.0004).  No significant 
differences were found between REC sites compared to REM sites (t = 0.50, df = 14, p = 0.62,) 
in 2015. 
When comparing floral resource species richness among site types by sampling round, 
significant differences were found in both sampling years (Figure 8b).  In 2014, floral resource 
species richness in PHP sites was found to be significantly lower than REM sites (t = -2.39, df = 
30.81, p = 0.02) in round four (early August) of sampling.  No significant difference was found 
among site types in floral resource species richness for all other rounds of sampling in 2014.  
When comparing among site types by sampling round in 2015, PHP sites were found to be 
significantly lower in species richness than both REC sites in rounds three (late July) (t = -5.56, 
df = 27.92, p < 0.001), four (early August) (t = -3.90, df = 27.92, p = 0.0005), and six (late 
September) (t = -2.61, df = 27.92, p = 0.0042), and REM sites for rounds three (t = -5.56, df = 
27.92, p < 0.0001), four (t = -3.48, df = 27.92, p = 0.0016), and six (t = -2.61, df = 27.92, p = 
0.0143).  However, no significant difference was found between REC sites and REM sites when 
compared among sampling rounds in 2015. 
 Shannon diversity of the floral resources was not found to be significantly different when 
compared among site types by sampling year (Figure 7c).  However, PHP sites were found to be 
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marginally significantly lower when compared to REC sites (t = -1.79, df = 14, p = 0.095) in 
2015. 
When comparing the Shannon diversity of floral resources among site types by sampling 
round, no significant differences were found among any site type for 2014.  In 2015, PHP sites 
were found to be significantly lower when compared to REC sites in round six (late September) 
(t = -2.24, df = 39.57, p = 0.031) of sampling (Figure 8c).  PHP sites were found to be marginally 
significantly lower than REM sites in round six of sampling (t = -1.75, df = 39.57, p = 0.09) in 
2015. 
 Floral community composition by site type was found to be significantly different in 
ordination space between PHP sites and REC sites (Procrustes ANOVA: p = 0.018) and between 
PHP sites and REM sites (Procrustes ANOVA: p = 0.001) in 2014, but REC sites and REM sites 
were not significantly different (Procrustes ANOVA: p = 0.998) in 2014 (Figure 9a).  In 2015, 
floral community composition by site type was similarly found to be significantly different in 
ordination space between PHP sites and REC sites (Procrustes ANOVA: p = 0.018) and between 
PHP sites and REM sites (Procrustes ANOVA: p = 0.003).  However, REC sites were not 
significantly different than REM sites (Procrustes ANOVA:  p = 0.838) in 2015 (Figure 9b). 
 
Discussion 
Bee and floral resource community trends 
 The results of this study show that both tallgrass prairie reconstruction plantings and 
pollinator habitat plantings can harbor bee assemblages that are as diverse and abundant as those 
found on tallgrass prairie remnants.  Additionally, pollinator habitat plantings, while modeled 
19 
 
after tallgrass prairie restorations, can and do support a very different community of bees than 
what we found on the prairie reconstruction sites of this study.  
We hypothesized that remnant sites would have higher bee species richness while 
reconstructions and pollinator habitat plantings would have higher bee abundances.  We also 
hypothesized that the bee species diversity would be lower at pollinator habitat plantings than at 
either the reconstruction sites or the remnant sites, results that would be similar to findings from 
other studies that show greater species richness and diversity in remnant prairies (Polley et al. 
2005, Shepherd and Debinski 2005, Hegland and Boeke 2006, Eberling 2008, Hendrix et al. 
2010).  However, the results of our study did not support these previous findings in that no 
significant differences were found among site types by year based on measures of bee 
abundance, species richness, or Shannon diversity.   This may suggest that the reconstructions 
and pollinator habitat plantings are performing better than expected in meeting the floral 
resource needs of bees when compared to the standard that remnant sites provide.   
While other studies looked at effects of specific grassland or prairie management 
techniques such as grazing (Kruess et al. 2002, Debinski et al. 2011), burning regimes (Petersen 
1997, Vogel et al. 2007), removal of non-native, invasive plants (Fiedler et al. 2012), or the 
effect of introducing prairie strips within agricultural land (Scheper et al. 2015, Moorhouse 
2017) on bee and other pollinator community responses, the goal of this study was to evaluate 
the bee community responses to the overall implementation of prairie reconstructions.   
Of particular interest was bee community responses to seasonal changes in floral resource 
abundance and composition.  However, very few significant differences among site types by 
round occurred.  In 2015, the bee species richness and floral resource richness of pollinator 
habitat planting sites were found to be significantly lower than either remnant sites or 
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reconstruction sites.  This represents the only occurrence in which bee species data tracked floral 
resource data.  In contrast to studies that found greater bee diversity and abundance is supported 
by greater floral resources (Moeller 2004, Murray et al. 2009, Weiner et al. 2011), the findings in 
our study indicate that significant differences in floral resources among rounds were not 
correlated with significant differences in bee data.  However, overall floral resource trends in 
2015 show the pollinator habitat plantings having lower abundance, species richness, and 
diversity, although only species richness was found to be significantly lower.  This indicates a 
potential area of improvement in these plantings.  Often restorations lack floral species that 
bloom early and late in the season and increasing the focus on establishing these species may 
help prairie restorations typify the floral resource composition of remnant prairies (Delaney et al. 
2015). 
We also hypothesized that bee community assemblages would be more similar at sites 
with similar floral resources and that the pollinator habitat plantings, due to lower floral resource 
diversity, would have a higher proportion of common bee species that are polylectic than either 
the reconstruction or remnant sites (Winfree 2010).  We found that both the floral resource 
community composition and bee community composition were significantly different at 
pollinator habitat plantings compared to reconstruction and remnant sites and that reconstruction 
and remnant sites were not significantly different from one another, indicating that pollinator 
habitat plantings represent a different community than either reconstruction sites or remnant 
sites.  Additionally, 90% of the bee species collected at pollinator habitat plantings were 
common species that were polylactic.  Whereas 83% of bee species collected at reconstruction 
sites and 82% of bee species collected at remnant sites were common species that were 
polylactic (Supplemental Table 3). 
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Several factors relating to the pollinator habitat plantings have contributed to these 
findings.  For example, the requirements for the pollinator habitat plantings as defined in the 
U.S. Farm Service Agency’s Pollinator Habitat Initiative specify a minimum of only nine species 
of native flowering plants to be included in the pollinator habitat planting while the 
reconstruction plantings included more than 100 species of native flowering plants.  Another 
factor that could have contributed to our findings is related to the placement and prior 
management of the pollinator habitat plantings.  For instance, the practice of implementing 
pollinator habitat plantings on privately owned land has only recently been established within the 
past five years.  These plantings, being newer and less well established, were likely exhibiting an 
early succession plant community dominated by non-native, exotic plants and as evidenced by 
the absence of plant species with high conservation values (Wilsey et al. 2009).  Additionally, 
the pollinator habitat plantings are typically surrounded by a less contiguous grassland 
community and are further from high quality remnant prairies than reconstruction sites (Hines 
and Hendrix 2005, Jauker et al. 2009, Kennedy et al 2013, Hines and Hendrix 2005).  The 
reconstruction sites in this study occurred nearer to remnant sites and within a larger, more 
cohesive grassland matrix.  The continuity of habitat type contributes to a more homogenous 
community composition of bees and other pollinators among the reconstructed sites.  Prior and 
current management of these pollinator habitat plantings likely vary from the management 
regimes of prairie reconstructions and remnant sites given the past agricultural usage of the sites 
and the management requirements of the U.S. Farm Service Agency program.  Soil composition 
and condition can have a large impact on the community composition found at pollinator habitat 
planting sites.  Prior agricultural use of these areas included heavy disturbances due to tillage of 
the ground, impacting nesting resources for ground-nesting bees, which can include up to 80% of 
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bee communities (Arduser 2015).  Another factor affecting the bee community composition of 
these sites includes using prescribed fire, a common and well accepted technique to manage 
prairie remnants and reconstructions.  Leaf litter cover and above ground biomass can affect 
nesting resources and years since burning can influence the community composition of bees and 
other organisms (Harmon-Threatt and Chin 2016).   
Implications and future research needs 
Habitat restoration can be used to abate habitat loss and fragmentation, two of the 
greatest concerns when managing for wild bees.  Habitat restorations have the potential to 
greatly increase foraging area for wild bees, especially when the focus is on providing a diversity 
of floral resources that bloom throughout the growing season.  More research is needed to 
determine seed mixes that cater to the specific needs of wild bees, including plant species that 
are host plants to oligolectic bees (Harmon-Threatt and Hendrix 2014, Tonietto et al. 2017). 
 In the future, additional research on habitat restoration with a focus on providing nesting 
and foraging habitat for bees could be conducted to further the understanding of the full range of 
requirements for wild bees.  Additionally, the positive effects of grassland management 
techniques on wild bee communities have been explored (Tonietto et al. 2018) and documented, 
but greater conservation outcomes can be achieved with higher rates of implementation by land 
managers (Shepherd et al. 2003, Vaughan and Skinner 2008). 
 This study did not test for area effects in which lower species richness is expected in 
smaller patch sizes based on island biogeography patterns.  Future research could involve larger 
patches of pollinator habitat plantings to test for area effects.  This study also did not test for 
landscape effects or management effects such as grazing or burning, all of which could provide 
deeper insight into the factors determining bee community composition.  The goal of this study 
23 
 
was to evaluate the bee community responses to the overall implementation of prairie 
reconstructions.  Results from our study indicate that tallgrass prairie reconstructions and 
pollinator habitat plantings within and around the Grand River Grasslands provide sufficient 
floral resources to support a diversity of bees, an important step in the process in the 
conservation of wild bees. 
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Tables and Figures 
Table 1: Study sites used for bee specimen collection and floral resource sampling  
 
 
Table 2: Results of ANOVA (F, P-values) for comparisons of abundance, species richness, and 
diversity (Shannon) for bee and floral resource data. 
 
NumDF DenDF FValue ProbF NumDF DenDF FValue ProbF
Round 2 28.56 2.65 0.088 2 21.9 19.62 <.0001
SiteType 2 18.81 1.75 0.2011 2 12.35 0.83 0.4597
Round*SiteType 4 31 1.52 0.2218 4 30 10.88 <.0001
Round 2 19.86 10.86 0.0006 2 21.88 5.59 0.0109
SiteType 2 17.57 0.88 0.4336 2 19.12 0.84 0.4463
Round*SiteType 4 18.19 0.97 0.4482 4 20.76 2.31 0.0924
Round 2 19.76 16.02 <.0001 2 25.54 6.34 0.0058
SiteType 2 11.75 2.11 0.1647 2 18.79 0.16 0.8567
Round*SiteType 4 18.05 1.12 0.3796 4 23.76 0.96 0.4485
Round 2 27.08 2.61 0.092 2 28 0.08 0.9217
SiteType 2 13.85 0.69 0.5191 2 14 1.45 0.2676
Round*SiteType 4 27.05 4.11 0.01 4 28 0.13 0.9686
Round 2 27.44 27.98 <.0001 2 28 37.33 <.0001
SiteType 2 14.22 2.27 0.1398 2 14 15.61 0.0003
Round*SiteType 4 27.41 1.05 0.4022 4 28 2.26 0.0882
Round 2 27.4 5.81 0.0079 2 28 1.89 0.1696
SiteType 2 14.17 0.47 0.633 2 14 1.76 0.2073
Round*SiteType 4 27.37 0.46 0.7647 4 28 0.73 0.5803
Bee 2015
Floral 2015
Abundance
Species 
Richness
Diversity 
(Shannon)
Abundance
Species 
Richness
Diversity 
(Shannon)
Bee 2014
Floral 2014
Study Site Treatment 
Site 
Type 
Location 
Area 
(ha) 
  Dunn Ranch Prairie  Prairie Remnant REM Harrison Co., MO 223 
  Helton Prairie Natural Area  Prairie Remnant REM Harrison Co., MO 22 
  MDC Pawnee Prairie Natural Area  Prairie Remnant REM Harrison Co., MO 55 
  Tarkio Prairie Natural Area  Prairie Remnant REM Atchison Co., MO 36 
  Ringgold Wildlife Management Area  Prairie Remnant REM Ringgold Co., IA 246 
  TNC Pawnee Prairie  Prairie Remnant REM Harrison Co., MO 160 
     
  Dunn Ranch Prairie, Westlake Tract Prairie Reconstruction REC Harrison Co., MO 80 
  Helton Prairie Natural Area Prairie Reconstruction REC Harrison Co., MO 25 
  MDC Pawnee Prairie Natural Area Prairie Reconstruction REC Harrison Co., MO 52 
  Tarkio Prairie Natural Area Prairie Reconstruction REC Atchison Co., MO 28 
  Kellerton Bird Conservation Area Prairie Reconstruction REC Ringgold Co., IA 40 
  Dunn Ranch Prairie, Eckard Tract Prairie Reconstruction REC Harrison Co., MO 240 
     
  Arney Property Pollinator Habitat Planting PHP Harrison Co., MO 2 
  Bergman Property Pollinator Habitat Planting PHP Harrison Co., MO 3 
  Easton Property Pollinator Habitat Planting PHP Harrison Co., MO 2 
  O’Neil Property Pollinator Habitat Planting PHP Harrison Co., MO 3 
  Scott Property Pollinator Habitat Planting PHP Harrison Co., MO 3 
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Figure 4: Measures of bee abundance (a), bee species richness (b), and bee Shannon diversity (c) 
among site types.  PHP indicates pollinator habitat plantings, REC indicates tallgrass prairie 
reconstruction sites, and REM indicate tallgrass prairie remnant sites.  Different letters indicate 
statistically significant differences at the p < 0.05 level. 
 
 
 
 
 
 
a. 
c. 
b. 
33 
 
       
    
Figure 5: Measures of bee abundance by sampling round (a), bee species richness by sampling 
round (b), and bee Shannon diversity by sampling round (c) among site types.  PHP indicates 
pollinator habitat plantings, REC indicates tallgrass prairie reconstruction sites, and REM 
indicate tallgrass prairie remnant sites.  Bee abundance analysis was completed with a log-
normal Poisson mixed effects model.  Data here are presented on the log scale.  A large sample 
size and low variances attribute to the significant difference found in Round 6. Different letters 
indicate statistically significant differences at the p < 0.05 level. 
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Figure 6: Nonmetric multidimensional scaling (NMDS) ordination of study sites.  Pollinator 
habitat plantings (PHP) differed significantly from reconstruction sites (REC) and remnant sites 
(REM) in terms of bee community composition for both 2014 (a) and 2015 (b).  Ellipses show 
the standard deviation around the centroid for each site type.  Stress indicates the level of fit.  
Stress values range from 0 to 1, with values closer to 0 indicating higher fitness. 
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Figure 7: Measures of floral resource abundance (a), floral resource richness (b), and floral 
resource Shannon diversity (c) among site types.  PHP indicates pollinator habitat plantings, 
REC indicates tallgrass prairie reconstruction sites, and REM indicate tallgrass prairie remnant 
sites.  Different letters indicate statistically significant differences at the p < 0.05 level. 
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Figure 8: Measures of floral resource abundance by sampling round (a), floral resource richness 
by sampling round (b), and floral resource Shannon diversity by sampling round (c) among site 
types.  PHP indicates pollinator habitat plantings, REC indicates tallgrass prairie reconstruction 
sites, and REM indicate tallgrass prairie remnant sites.  Different letters indicate statistically 
significant differences at the p < 0.05 level. 
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Figure 9: Nonmetric multidimensional scaling (NMDS) ordination of study sites.  Pollinator 
habitat plantings (PHP) differed significantly from reconstruction sites (REC) and remnant sites 
(REM) in terms of floral resource community composition for both 2014 (a) and 2015 (b).  
Ellipses show the standard deviation around the centroid for each site type.  Stress indicates the 
level of fit. Stress values range from 0 to 1, with values closer to 0 indicating higher fitness.  
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Supplemental Table 1: Total counts of bees collected by sweep netting and pollinator bowl traps 
among study sites in 2014 and 2015. 
  Site Type Collection Method 
Species PHP REC REM Bowl Trap Sweep Net 
      
Agapostemon sericeus 0 7 9 2 14 
Agapostemon texanus 0 2 0 0 2 
Agapostemon virescens 6 35 34 42 33 
Andrena commoda 2 2 13 5 12 
Andrena cressonii 0 0 1 0 1 
Andrena helianthi 0 3 0 0 3 
Andrena perplexa 0 0 1 0 1 
Andrena quintilis 0 6 25 0 31 
Andrena rudbeckiae 0 0 1 0 1 
Anthidiellum notatum 0 3 1 0 4 
Anthophora abrupta 10 1 0 0 11 
Anthophora terminalis 39 6 1 0 46 
Apis mellifera 144 496 412 0 1052 
Augochlora pura 5 0 7 0 12 
Augochlorella aurata 37 232 614 92 791 
Augochlorella persimilis 3 249 377 3 626 
Augochloropsis fulgida 0 1 4 0 5 
Augochloropsis metallica 0 9 10 0 19 
Bombus auricomus 1 14 3 0 18 
Bombus bimaculatus 4 3 3 0 10 
Bombus fraternus 0 1 4 0 5 
Bombus griseocollis 81 296 342 2 717 
Bombus impatiens 32 69 63 0 164 
Bombus pensylvanicus 3 11 26 1 39 
Calliopsis andreniformis 0 1 6 0 7 
Ceratina dupla/calcarata/mikmaqi 20 14 11 11 34 
Ceratina mikmaqi 0 13 2 3 12 
Ceratina strenua 0 5 4 7 2 
Coelioxys sayi 1 0 1 0 2 
Colletes robertsonii 0 15 20 0 35 
Eucera hamata 7 106 112 224 1 
Halictus confusus 0 37 46 0 83 
Halictus ligatus 97 195 197 83 406 
Halictus parallelus 2 40 53 9 86 
Halictus rubicundus 3 30 18 0 51 
Heriades carinatus 1 0 0 0 1 
Heriades leavitti or variolosa 1 0 0 0 1 
Hoplitis pilosifrons 6 9 2 0 17 
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  Site Type Collection Method 
Species PHP REC REM Bowl Trap Sweep Net 
Hoplitis producta 0 1 1 0 2 
Hoplitis spoliata 0 1 18 0 19 
Hylaeus affinis 3 46 25 6 68 
Hylaeus mesillae 0 46 29 3 72 
Lasioglossum albipenne 4 507 440 166 785 
Lasioglossum bruneri 11 59 96 28 138 
Lasioglossum callidum 0 16 27 25 18 
Lasioglossum cinctipes 0 0 2 0 2 
Lasioglossum coreopsis 0 5 11 9 7 
Lasioglossum cressonii 0 0 4 0 4 
Lasioglossum disparile 7 26 10 7 36 
Lasioglossum forbesii 0 0 3 0 3 
Lasioglossum forbesii or paraforbesii 0 0 2 0 2 
Lasioglossum hitchensi 23 282 430 22 713 
Lasioglossum illinoense 0 0 1 0 1 
Lasioglossum imitatum 3 39 28 0 70 
Lasioglossum nr. trigeminum 0 1 2 0 3 
Lasioglossum nymphaearum 6 6 7 6 13 
Lasioglossum obscurum 1 1 0 0 2 
Lasioglossum paradmirandum 0 0 2 0 2 
Lasioglossum paraforbesii 0 0 4 0 4 
Lasioglossum pruinosum 0 0 4 1 3 
Lasioglossum semicaeruleum 0 1 0 0 1 
Lasioglossum sp. 1 1 0 1 0 2 
Lasioglossum sp. 2 0 2 2 0 4 
Lasioglossum spp. 3 5 13 5 16 
Lasioglossum tegulare 0 1 1 0 2 
Lasioglossum trigeminum 0 4 2 0 6 
Lasioglossum versatum 0 445 324 13 756 
Lasioglossum weemsi 2 0 0 0 2 
Lasioglossum zephyrum 0 5 1 0 6 
Megachile addenda 0 1 0 0 1 
Megachile albitarsis 0 1 0 0 1 
Megachile brevis 17 27 24 1 67 
Megachile frugalis 0 0 1 0 1 
Megachile gemula 0 0 1 1 0 
Megachile inimica 2 6 0 0 8 
Megachile latimanus 0 2 2 0 4 
Megachile mendica 19 18 19 0 56 
Megachile montivaga 3 6 8 8 9 
Megachile petulans 14 45 48 0 107 
Supplemental Table 1 (Continued) 
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  Site Type Collection Method 
Species PHP REC REM Bowl Trap Sweep Net 
Megachile rugifrons 1 0 0 0 1 
Melissodes agilis 2 5 5 1 11 
Melissodes bimaculata 6 2 2 5 5 
Melissodes communis 0 2 1 0 3 
Melissodes comptoides 0 0 4 0 4 
Melissodes coreopsis 0 3 4 1 6 
Melissodes denticulata 13 2 30 12 33 
Melissodes desponsa 0 0 1 0 1 
Melissodes druriella 0 1 0 0 1 
Melissodes subillata 0 0 2 0 2 
Melissodes trinodis 16 36 27 6 73 
Melissodes vernoniae 0 1 6 1 6 
Osmia cordata 3 0 0 0 3 
Protandrena bancrofti 0 2 1 0 3 
Pseudopanurgus albitarsis 1 4 1 0 6 
Pseudopanurgus compositarum 0 1 0 0 1 
Pseudopanurgus labrosus 0 1 0 0 1 
Sphecodes cressonii 0 1 0 0 1 
Svastra obliqua 5 8 8 1 20 
Tetraloniella albata 0 6 1 0 7 
Triepeolus concavus 0 0 2 0 2 
Triepeolus sp. 1 0 1 0 0 1 
Triepeolus sp. 2 0 1 0 0 1 
Unidentifiable bee spp. 0 7 18 5 20 
Xeromelecta interrupta 0 0 1 0 1 
Xylocopa virginica 7 64 40 0 111 
      
Total 678 3664 4170 817 7695 
 
 
 
 
 
 
 
 
Supplemental Table 1 (Continued) 
 
41 
 
Supplemental Table 2: Total counts of floral resource blooms sampled among study sites in 2014 
and 2015.  Each species is characterized as either native (N) or exotic (E). 
  PHP REC REM 
Species N/E 2014 2015 2014 2015 2014 2015 
Achillea millefolium N 0 0 667 316 1326 1030 
Agalinis auriculata N 0 0 0 0 0 35 
Agrimonia parviflora N 0 0 64 202 125 1566 
Agrimonia pubescens N 0 0 0 8 0 7 
Amorpha canescens N 0 0 137 222 792 468 
Anemone cylindrica N 0 0 5 0 12 2 
Apocynum cannabinum N 24 8 0 0 18 31 
Asclepias purpurascens N 0 0 0 0 0 2 
Asclepias syriaca N 1 0 0 0 0 0 
Asclepias tuberosa N 0 0 132 56 126 148 
Asclepias verticillata N 0 0 0 0 2 0 
Baptisia alba var. macr. N 0 0 62 15 53 133 
Barbarea vulgaris  E 0 0 0 32 0 0 
Bidens cernua N 0 147 0 258 0 0 
Brickellia eupatorioides var. eupa. N 0 2225 0 1095 205 90 
Carduus nutans E 0 0 0 0 7 2 
Ceanothus americanus N 0 0 0 0 334 142 
Cerastium nutans N 0 4 0 0 0 0 
Chamaecrista fasciculata N 357 1198 3163 14054 4182 9422 
Cichorium intybus E 0 0 3 3 0 0 
Cicuta maculata N 0 0 45 3 59 0 
Cirsium arvense E 0 0 18 74 0 0 
Cirsium canescens E 0 0 0 1 0 0 
Cirsium discolor N 173 14 8 2 56 25 
Comandra umbellata N 0 0 0 0 7 0 
Convolvulus arvensis E 1 0 12 2 1 0 
Conyza canadensis var. cana. N 2 0 0 0 0 0 
Coreopsis grandiflora N 226 140 0 0 0 0 
Coreopsis lanceolata N 0 4 0 0 0 0 
Coreopsis palmata N 0 0 30 53 136 183 
Coreopsis tinctoria N 26 3 0 0 0 0 
Coreopsis tripteris N 0 9 193 347 74 79 
Cornus foemina ssp. race. N 0 0 63 0 0 0 
Dalea candida N 0 0 217 28 55 81 
Dalea purpurea N 3 0 360 49 536 372 
Daucus carota E 1628 4198 1054 3943 1275 15427 
Delphinium carolinianum ssp. vire. N 0 0 6 0 13 8 
Desmanthus illinoensis N 86 230 0 0 0 0 
Desmodium canadense N 0 0 2581 12091 1478 8836 
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  PHP REC REM 
Species N/E 2014 2015 2014 2015 2014 2015 
Desmodium paniculatum N 0 155 40 69 0 41 
Dianthus armeria E 206 152 390 9 57 42 
Drymocallis arguta N 6 0 27 119 21 21 
Echinacea pallida N 0 0 24 8 135 36 
Echinacea purpurea N 102 232 166 19 52 42 
Erigeron annuus N 0 95 283 256 375 58 
Erigeron strigosus N 15215 46 788 295 843 343 
Eryngium yuccifolium N 3 17 747 2525 1764 814 
Eupatorium altissimum N 1130 0 0 0 0 0 
Euphorbia corollata N 0 0 1860 2603 13165 18852 
Euthamia gymnospermoides N 0 0 10 46 539 1672 
Galium obtusum N 0 0 10 297 0 1449 
Gaura longiflora N 0 0 82 262 37 2 
Gentiana puberulenta N 0 0 0 0 12 0 
Helianthus grosseserratus N 272 377 663 621 649 349 
Helianthus maximilianii N 124 0 960 504 732 25 
Helianthus pauciflorus ssp. pauc. N 0 0 1 19 359 132 
Helianthus strumosus N 0 0 109 0 0 0 
Heliopsis helianthoides N 1424 1970 5094 4182 155 229 
Heuchera richardsonii N 0 0 0 0 2 28 
Hypericum ascyron ssp. pyra. N 0 0 18 59 0 0 
Hypericum perforatum E 45 5 10 32 10 46 
Hypericum punctatum N 458 195 0 40 0 4 
Lactuca canadensis N 0 34 0 0 0 0 
Lespedeza capitata N 0 0 103 14 21 8 
Lespedeza cuneata E 0 0 135 0 10 0 
Leucanthemum vulgare E 0 0 4 0 0 87 
Liatris aspera N 0 0 9 0 79 0 
Liatris pycnostachya N 0 7 109 296 9 94 
Lilium lancifolium E 0 0 0 1 0 0 
Linum sulcatum N 0 0 0 0 0 2 
Lobelia siphilitica N 0 0 0 15 0 1 
Lobelia spicata N 0 0 18 7 73 176 
Lotus corniculatus E 5008 508 632 301 564 1275 
Ludwigia alternifolia N 0 570 0 0 0 0 
Lycopus americanus N 0 7 0 0 0 19 
Lysimachia ciliata N 0 0 78 369 38 304 
Lythrum alatum N 87 284 0 26 0 8 
Medicago lupulina E 64 0 717 3 16 75 
Medicago sativa E 136 0 0 0 0 0 
Melanthium virginicum N 0 0 244 103 28 124 
Supplemental Table 2 (continued) 
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  PHP REC REM 
Species N/E 2014 2015 2014 2015 2014 2015 
Melilotus albus E 22 12 1947 2048 1370 681 
Melilotus officinale E 705 3 2431 2304 2221 1884 
Monarda fistulosa N 1588 1080 3100 12591 600 2019 
Oenothera biennis N 0 0 0 3 0 2 
Onosmodium molle ssp. occi. N 0 0 0 0 0 88 
Oxalis stricta N 0 0 0 0 1 15 
Packera plattensis N 0 0 0 0 0 3 
Parthenium integrifolium N 0 0 76 33 33 106 
Pastinaca sativa E 20 190 3410 90 0 8 
Penstemon digitalis N 5 1101 1284 40 0 0 
Persicaria maculosa E 0 60 0 0 0 0 
Phlox pilosa N 0 0 0 5 326 387 
Physalis virginiana N 0 0 2 0 2 0 
Polygala sanguinea N 73 0 1 0 147 0 
Potentilla recta E 0 0 48 125 9 52 
Potentilla simplex N 0 7 0 2 0 3 
Prunella vulgaris var. lanc. N 17 30 0 0 0 0 
Pycnanthemum pilosum N 0 0 789 7888 634 4516 
Pycnanthemum tenuifolium N 3298 2292 1642 10380 4071 23289 
Pycnanthemum virginianum N 0 1934 0 2953 0 135 
Ratibida pinnata N 2644 589 2832 1195 495 959 
Rhus glabra N 0 0 900 0 0 155 
Rosa carolina N 1 0 35 90 122 72 
Rubus flagellaris N 6 1 70 54 0 134 
Rudbeckia hirta N 2827 1386 275 2644 150 431 
Rudbeckia subtomentosa N 4 179 124 1189 169 195 
Rudbeckia triloba N 571 0 167 0 3 0 
Ruellia humilis N 0 1 15 5 274 203 
Securigera varia  E 0 20 0 0 0 0 
Silene stellata N 0 0 0 0 30 166 
Silphium integrifolium N 0 0 1937 1260 242 1007 
Silphium laciniatum N 0 0 13 2 0 0 
Silphium perfoliatum N 0 0 357 3656 0 0 
Sisyrinchium campestre N 0 0 0 0 0 1 
Smilax lasioneruon N 0 0 2 0 0 0 
Solanum carolinense N 0 3 0 1 0 2 
Solidago altissima N 0 53 231 674 342 0 
Solidago canadensis N 600 4217 4161 9948 2022 6462 
Solidago gigantea N 0 358 0 791 0 0 
Solidago juncea N 0 0 0 0 210 0 
Solidago missouriensis ssp. fasc. N 0 0 0 78 0 136 
Supplemental Table 2 (continued) 
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  PHP REC REM 
Species N/E 2014 2015 2014 2015 2014 2015 
Solidago nemoralis ssp. nemo. N 0 0 0 7 10 170 
Solidago rigida N 60 65 3701 8365 1803 1924 
Solidago speciosa N 0 0 3 0 0 35 
Symphyotrichum drummondii N 0 0 0 130 0 146 
Symphyotrichum ericoides N 214 33 7349 7000 6231 8012 
Symphyotrichum laeve N 0 0 53 0 0 269 
Symphyotrichum novae-angliae N 36 19 391 369 124 281 
Symphyotrichum oolentangiense N 0 0 1198 2026 1616 4646 
Symphyotrichum pilosum var. pilo. N 391 63 1153 2165 896 1270 
Symphyotrichum praealtum N 0 0 0 1609 0 1247 
Taraxacum officinale E 0 0 1 0 0 0 
Teucrium canadense var. cana. N 36 16 1 5 286 1074 
Tradescantia bracteata N 0 0 0 136 0 3 
Tradescantia ohiensis N 0 0 616 1444 257 540 
Trifolium pratense E 349 7 1533 27 288 1216 
Trifolium repens E 0 0 34 8 46 4 
Verbascum thapsus E 4 0 0 0 0 0 
Verbena hastata N 5 993 0 520 9 140 
Verbena stricta N 103 0 0 0 6 13 
Verbena urticifolia N 7 0 0 0 0 0 
Vernonia baldwinii N 30 3 308 192 364 392 
Veronicastrum virginicum N 0 0 136 294 1674 329 
Vicia americana N 0 0 0 0 3 0 
Zizia aurea N 0 0 0 220 0 0 
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Species Nesting Sociality Host 
Agapostemon sericeus S S 
 
Agapostemon texanus S S 
 
Agapostemon virescens S S 
 
Andrena commoda S S 
 
Andrena cressonii S S 
 
Andrena forbesii S S 
 
Andrena helianthi S S Asteraceae 
Andrena imitatrix S S 
 
Andrena perplexa S S 
 
Andrena quintilis S S 
 
Andrena rudbeckiae S S Asteraceae 
Anthidiellum notatum C S 
 
Anthophora abrupta S S 
 
Anthophora terminalis W S 
 
Apis mellifera H E 
 
Augochlorella aurata S E 
 
Augochloropsis fulgida S S 
 
Augochloropsis metallica S S 
 
Augochlorella persimilis S E 
 
Augochlora pura W S 
 
Bombus auricomus H E 
 
Bombus bimaculatus H E 
 
Bombus fraternus H E 
 
Bombus griseocollis H E 
 
Bombus impatiens H E 
 
Bombus pensylvanicus H E 
 
Calliopsis andreniformis S S 
 
Ceratina dupla P S/Sub 
 
Cerarub calcarata P S/Sub 
 
Ceratina mikmaqi P S/Sub  
Ceratina strenua P S/Sub 
 
Coelioxys sayi [C] P Megachile 
Colletes kincaidii S S 
 
Colletes robertsonii S S Amorpha, Dalea, Monarda 
Eucera hamata S S 
 
Eucera rosae S S 
 
Supplemental Table 3: List of bee species with information about nest type, sociality, and host 
species.  Nest type includes soil = S, cavity = C, hive = H, pithy stem = P, wood = W, parasite 
of a soil nesting host = [S], and parasite of a cavity nesting host = [C].  Sociality includes 
solitary = S, subsocial = S/Sub, eusocial = E, and parasitic = P. Host species include pollen 
plant for oligolectic bee species and bee for parasitic species (Wolf and Ascher 2008). 
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Species Nesting Sociality Host 
Halictus confusus S E 
 
Halictus ligatus S E 
 
Halictus parallelus S E 
 
Halictus rubicundus S E 
 
Heriades carinatus C S 
 
Heriades leavitti C S 
 
Heriades variolosa C S 
 
Hoplitis pilosifrons P S 
 
Hoplitis producta P S 
 
Hoplitis spoliata P S 
 
Hylaeus affinis C S 
 
Hylaeus mesillae C S 
 
Lasioglossum albipenne S E 
 
Lasioglossum bruneri S E 
 
Lasioglossum callidum S E 
 
Lasioglossum cinctipes S E 
 
Lasioglossum coriaceum S S 
 
Lasioglossum coreopsis S E 
 
Lasioglossum cressonii W E 
 
Lasioglossum disparile S E 
 
Lasioglossum forbesii S S 
 
Lasioglossum hitchensi S E 
 
Lasioglossum illinoense S E 
 
Lasioglossum imitatum S E 
 
Lasioglossum nr. trigeminum S E 
 
Lasioglossum nymphaearum S E 
 
Lasioglossum obscurum S E 
 
Lasioglossum paradmirandum S E 
 
Lasioglossum paraforbesii S S  
Lasioglossum pruinosum S E 
 
Lasioglossum semicaeruleum S E 
 
Lasioglossum tegulare S E 
 
Lasioglossum trigeminum S E 
 
Lasioglossum versatum S E 
 
Lasioglossum weemsi S E 
 
Lasioglossum zephyrum S E 
 
Megachile addenda S S 
 
Megachile albitarsis C S 
 
Megachile brevis C S 
 
Megachile frugalis C S 
 
Megachile gemula C S 
 
Supplemental Table 3 (continued) 
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Species Nesting Sociality Host 
Megachile inimica C S 
 
Megachile latimanus C S 
 
Megachile mendica C S 
 
Megachile montivaga C S 
 
Megachile petulans C S 
 
Megachile rugifrons C S 
 
Melissodes agilis S S Asteraceae 
Melissodes bimaculata S S 
 
Melissodes coloradensis S S 
 
Melissodes communis S S 
 
Melissodes comptoides S S 
 
Melissodes coreopsis S S 
 
Melissodes denticulata S S Asteraceae 
Melissodes desponsa S S Cirsium 
Melissodes druriella S S Asteraceae 
Melissodes subillata S S Asteraceae 
Melissodes trinodis S S Asteraceae 
Melissodes vernoniae S S 
 
Osmia cordata C S  
Osmia pumila C S 
 
Osmia simillima C S 
 
Protandrena bancrofti S S 
 
Pseudopanurgus albitarsis S S Asteraceae 
Pseudopanurgus compositarum S S Asteraceae 
Pseudopanurgus labrosus S S Asteraceae 
Sphecodes cressonii [S] P 
 
Svastra obliqua S S Asteraceae 
Tetraloniella albata S S Dalea 
Triepeolus concavus [S] P Svastra 
Xeromelecta interrupta [S] S Anthophora 
Xylocopa virginica W S/Sub 
 
 
 
 
 
 
 
Supplemental Table 3 (continued) 
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CHAPTER 3: GENERAL CONCLUSIONS 
 The results of this research illustrate the importance of prairie restorations to the 
continual survival of pollinators and in particular, native bees.  Previous studies of bee 
communities have shown that an increase in floral resource abundance, richness, and diversity 
within restored lands can have a positive effect on bee communities (Potts et al. 2003, Hines and 
Hendrix 2005, Tonietto et al. 2017).  Our findings suggest that both prairie reconstructions and 
pollinator habitat plantings can provide adequate floral resources to support an abundance, 
richness, and diversity of bees comparable to remnant prairies.  However, the pollinator habitat 
planting sites have significantly different floral and bee community compositions, possibly due 
the fact that these sites often occur further from intact prairie remnants or restored lands which 
can affect native bee community responses (Jauker et al. 2009, Kennedy et al. 2013).  These sites 
also occur on land that has undergone prior agricultural use which can fundamentally change the 
soil composition and affect the floral resource community.  These results suggest that these sites 
contribute to conserving and sustaining bee communities that are not represented within a 
tallgrass prairie system. 
 Our study could yield more detailed results with a few improvements to the experimental 
design.  I suggest future bee community studies should include sweep net sampling earlier in the 
season when bees first begin to emerge.  The sampling for this part of the season fell outside of 
the range of sweep net sampling for our study, which likely resulted in missed bee species whose 
flight only occur in April and May.  The experimental design of this study could also benefit 
from additional sweep net sampling along a standardized transect.  For this study, we focused on 
sampling specific plant species.  This approach likely increased the number of bees collected 
compared to a standardized sampling transect.  However, we missed sampling sites where the 
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plant species to be sampled was not present.  The use of a standardized transect for sweep net 
sampling would also eliminate the confounding factor of whether our results are due to the time 
of the year sampling was performed or due to the species of plant sampled.  Lastly, I would 
recommend that future bee community sampling studies include an increased number of 
pollinator bowl trap sampling.  Our study did not have enough replicates to complete useful 
statistical analysis.  Additional bowl traps sampling would eliminate this issue and provide more 
information on bee species that are more easily caught in traps versus nets.   
 The restoration of tallgrass prairie habitat provides ample opportunity to conserve 
important pollinator species and sustain healthy populations of native bees (Weiner et al. 2011, 
Tonietto and Larkin 2018).  The results of this study show that pollinator habitat planting sites 
and prairie reconstruction sites are effective in providing consistent foraging habitat for bees.  
From a management standpoint, our results emphasize the use of prairie restoration as a key 
strategy in the conservation of bees due to their ability to support bee communities that are 
similar to those found in tallgrass prairie remnant habitat. 
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APPENDIX: A FOLLOW-UP TO A BASELINE BEE SURVEY CONDUCTED AT  
DUNN RANCH PRAIRIE IN THE YEAR 2000 
 
Dunn Ranch Prairie is situated in the heart of the southern Grand River Grasslands, a 
61,917 hectare landscape located in southern Ringgold County, Iowa and northern Harrison 
County, Missouri.  Purchased by The Nature Conservancy in 1999, the 1,319 hectare Dunn 
Ranch is the largest deep soil tallgrass prairie remnant in the entire Central Tallgrass Prairie 
Ecoregion.  At the time of acquisition, Dunn Ranch was a cattle ranch comprised of overgrazed 
upland prairie ranging from gently rolling to hilly with 3-20% slopes.    
Prior to the onset of restoration efforts including prescribed fire, rotational grazing, brush 
and timber removal, and planting native forbs and grasses, a number of surveys were conducted 
to help understand the biological communities at Dunn Ranch.  Ladd et al. (2000) inventoried the 
flora at Dunn Ranch and found 408 plant species with 303 natives.  James Trager (2000) 
surveyed the ant fauna and discovered a large number of native ant species.  A baseline study of 
the bee fauna was also completed to measure bee species richness, abundance, and bee-flower 
relationships (Riley 2002) (Table1).  
In her study, Riley (2002) sampled bees throughout Dunn Ranch by sweep netting 
flowers in bloom.  A malaise trap was also set in a floristically diverse area as a crosscheck.  
Bees were collected during nine periods from May to September 2000.  Each sampling period 
lasted two to three field days and was conducted three-week intervals.  A total of 365 individual 
bees were collected by sweep netting consisting 54 species.  One individual from an additional 
species was collected in a malaise trap bringing the total individuals collected to 366 and the 
species richness to 55. 
From her study, Riley (2002) concluded that the amount and diversity of native plants 
should be increased throughout Dunn Ranch to improve bee species richness and abundance.  
53 
 
Since 2007, more than 1,000 hectares of tallgrass prairie have been reconstructed at Dunn Ranch 
using seeds from more than 150 species of native forbs and grasses.  Riley also recommended 
that another bee inventory be conducted in 2010 to assess the bee community response to these 
improvements. 
Bee richness and abundance at Dunn Ranch was again measured in 2014 and 2015.  In 
this study, sweep netting and pollinator bowl traps were used to collect bee samples over a two-
year period, 2014 and 2015, with sampling occurring from May through September each year.  
Six rounds of sweep netting occurred each year with each round corresponding to the peak 
bloom of six target plant species:  Foxglove Beardtongue (Penstemon digitalis), Leadplant 
(Amorpha canescens), Purple Prairie Clover (Dalea purpurea), Grey-headed Coneflower 
(Ratibida pinnata), Prairie Blazingstar (Liatris pycnostachya), and Sawtooth Sunflower 
(Helianthus grosseserratus).  These species of plants were chosen because they bloom 
sequentially throughout the season and they have been found to be highly attractive to bees 
(Arduser 2015, Harmon-Threatt and Hendrix 2014).  During each round of sweep netting, bees 
were sampled from 12 individual plants of the target plant species.  Sampling occurred for 15 
minutes per individual plant for a total of three hours of sampling effort per target plant species.  
Sampling was conducted under optimal conditions (18°C or warmer, less than 5% cloud cover, 
and light winds less than 16 km/h) between 0900-1600 hours.  Netted bees were then transferred 
to site-specific kill jars and identified to species (Arduser 2014, Ascher and Pickering 2015, 
Mitchell 1960, Mitchell 1962).   
Pollinator bowl traps were also used to sample bees at each site (Droege et al. 2010, 
Roulston et al. 2007).  These traps consisted of 96 mL plastic cups which were painted one of 
three colors: fluorescent blue, fluorescent yellow, or white.  These colors are known to be highly 
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attractive to bees.  Cups were filled two-thirds of the way full with a soap and water solution and 
each cup was attached one meter above ground-level to a bamboo stake.  Bamboo stakes with 
cups attached were placed 20-meters apart along a 100-meter long transect at each site with a 
total of six cups used per transect in an alternating, non-random pattern to include two bowls of 
each of the three colors (Grundel et al. 2011).  These cups were then left out for approximately 
seven hours each sampling period.  Sampling was conducted every two weeks starting in early 
May and ending in mid-September and on days where temperatures were above 18 C, wind 
speeds were below 16 km/h, and little to no cloud cover occurred.  Bees captured in bowl traps 
were transferred to site specific Whirl-Pak bags and stored in ethyl acetate until specimens could 
be processed and identified to species (Arduser 2014, Ascher and Pickering 2015, Mitchell 1960, 
Mitchell 1962). 
A total of 7,695 individual bees made up of 88 species comprised the sweep net data for 
2014 and 2015.  Another 1,204 individual bees, including an additional 25 species, were 
collected in bowl traps during the two-year study, bringing the total number of bees collected 
over two years to 8,899 and the species richness to 113.  Sixteen species found at Dunn Ranch in 
2000 were not found during the sampling in 2014 or 2015.  There were 74 species of bees 
collected during 2014 and 2015 that were not collected in 2000.  Although we might not expect 
to find the exactly the same bee community given that there were differences in sampling 
methods between these early and later sampling periods, it will be important to continue to 
monitor these species, and in particular to determine whether any of the bees observed in 2000 
that were not observed in 2014-15 are of conservation concern. 
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Table A1: Total counts of bees collected from Dunn Ranch Prairie in 2000 and in 2014/2015 and 
the method by which they were collected. 
  Year 
Collection 
Method 
Year 
Collection 
Method 
Species 2000 
Malaise 
Trap 
Sweep 
Net 
2014 2015 Total 
Bowl 
Trap 
Sweep 
Net 
Agapostemon sericeus 0 0 0 2 16 18 4 14 
Agapostemon texanus 0 0 0 3 0 3 1 2 
Agapostemon virescens 25 0 25 74 51 125 92 33 
Andrena accepta 1 0 1 0 0 0 0 0 
Andrena commoda 0 0 0 3 10 13 1 12 
Andrena cressonii 0 0 0 1 2 3 2 1 
Andrena forbesii 0 0 0 0 1 1 1 0 
Andrena helianthi 1 0 1 2 1 3 0 3 
Andrena imitatrix 0 0 0 0 1 1 1 0 
Andrena perplexa 0 0 0 1 0 1 0 1 
Andrena quintilis 0 0 0 14 18 32 1 31 
Andrena rudbeckiae 2 0 2 1 0 1 0 1 
Andrena simplex 1 0 1 0 0 0 0 0 
Anthidiellum notatum 1 0 1 3 1 4 0 4 
Anthophora abrupta 0 0 0 1 10 11 0 11 
Anthophora terminalis 0 0 0 6 41 47 1 46 
Apis mellifera 22 0 22 368 684 1052 0 1052 
Augochlora pura 1 0 1 6 6 12 0 12 
Augochlorella aurata 0 0 0 207 689 896 105 791 
Augochlorella persimilis 10 0 10 321 306 627 1 626 
Augochloropsis fulgida 0 0 0 1 4 5 0 5 
Augochloropsis metallica 1 0 1 8 12 20 1 19 
Augoclorella striata 25 0 25 0 0 0 0 0 
Bombus auricomus 7 0 7 12 6 18 0 18 
Bombus bimaculatus 0 0 0 4 6 10 0 10 
Bombus fervidus 1 0 1 0 0 0 0 0 
Bombus fraternus 0 0 0 1 4 5 0 5 
Bombus grisceocollis 18 0 18 238 480 718 1 717 
Bombus impatiens 3 0 3 33 131 164 0 164 
Bombus pennsylvanicus 57 0 57 9 30 39 0 39 
Bombus variabilis 1 0 1 0 0 0 0 0 
Calliopsis andrenifornis 4 0 4 4 3 7 0 7 
Ceratina dupla 9 0 9 0 0 0 0 0 
Ceratina dupla/calcarata/mikmaqi 0 0 0 12 36 48 14 34 
Ceratina mikmaqi 0 0 0 0 14 14 2 12 
Ceratina strenua 0 0 0 1 1 2 0 2 
Coelioxys germana 1 0 1 0 0 0 0 0 
Coelioxys octodentata 2 0 2 0 0 0 0 0 
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  Year 
Collection 
Method 
Year 
Collection 
Method 
Species 2000 
Malaise 
Trap 
Sweep 
Net 
2014 2015 Total 
Bowl 
Trap 
Sweep 
Net 
Coelioxys sayi 0 0 0 0 2 2 0 2 
Colletes compactus 1 0 1 0 0 0 0 0 
Colletes kincaidii 0 0 0 0 1 1 1 0 
Colletes robertsonii 0 0 0 16 19 35 0 35 
Doeringiella (Triepeolus) sp. 1 1 0 1 0 0 0 0 0 
Doeringiella (Triepeolus) sp. 2 1 0 1 0 0 0 0 0 
Eucera hamata 2 0 2 131 57 188 187 1 
Eucera rosae 0 0 0 1 0 1 1 0 
Halictus confusus 5 0 5 52 68 120 37 83 
Halictus ligatus 55 0 55 384 170 554 148 406 
Halictus parallelus 0 0 0 88 8 96 10 86 
Halictus rubricundus 3 0 3 34 20 54 3 51 
Heriades carinatus 0 0 0 0 1 1 0 1 
Heriades leavitti or variolosa 0 0 0 0 1 1 0 1 
Hoplitis pilosifrons 1 0 1 20 27 47 30 17 
Hoplitis producta 0 0 0 1 1 2 0 2 
Hoplitis spoliata 0 0 0 10 9 19 0 19 
Hylaeus affinis 3 0 3 33 55 88 20 68 
Hylaeus mesillae 2 0 2 29 48 77 5 72 
Lasioglossum albipenne 2 0 2 549 581 1130 345 785 
Lasioglossum bruneri 0 0 0 32 122 154 16 138 
Lasioglossum callidum 0 0 0 11 54 65 47 18 
Lasioglossum cinctipes 0 0 0 1 2 3 1 2 
Lasioglossum coreopsis 0 0 0 10 0 10 3 7 
Lasioglossum coriaceum 0 0 0 0 1 1 1 0 
Lasioglossum cressonii 0 0 0 1 3 4 0 4 
Lasioglossum disparile 0 0 0 37 1 38 2 36 
Lasioglossum forbesii 0 0 0 3 0 3 0 3 
Lasioglossum forbesii or paraforbesii 0 0 0 2 0 2 0 2 
Lasioglossum hitchensi 0 0 0 263 494 757 44 713 
Lasioglossum illinoense 0 0 0 1 0 1 0 1 
Lasioglossum imitatum 0 0 0 6 64 70 0 70 
Lasioglossum nr. trigeminum 0 0 0 0 3 3 0 3 
Lasioglossum nymphaearum 1 1 0 8 40 48 35 13 
Lasioglossum obscurum 0 0 0 0 2 2 0 2 
Lasioglossum paradmirandum 0 0 0 0 2 2 0 2 
Lasioglossum paraforbesii 0 0 0 1 3 4 0 4 
Lasioglossum pruinosum 0 0 0 7 1 8 5 3 
Lasioglossum rohweri 3 0 3 0 0 0 0 0 
Lasioglossum semicaeruleum 0 0 0 2 0 2 1 1 
Table A1 (Continued) 
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  Year 
Collection 
Method 
Year 
Collection 
Method 
Species 2000 
Malaise 
Trap 
Sweep 
Net 
2014 2015 Total 
Bowl 
Trap 
Sweep 
Net 
Lasioglossum sp. 1 0 0 0 1 1 2 0 2 
Lasioglossum sp. 2 0 0 0 1 3 4 0 4 
Lasioglossum spp. 0 0 0 4 13 17 1 16 
Lasioglossum tegulare 0 0 0 2 0 2 0 2 
Lasioglossum trigeminum 0 0 0 3 6 9 3 6 
Lasioglossum versatum 14 0 14 178 582 760 4 756 
Lasioglossum weemsi 0 0 0 0 2 2 0 2 
Lasioglossum zephyrum 0 0 0 4 3 7 1 6 
Megachile addenda 0 0 0 0 1 1 0 1 
Megachile albitarsis 0 0 0 1 0 1 0 1 
Megachile brevis 22 0 22 27 40 67 0 67 
Megachile campanulae 1 0 1 0 0 0 0 0 
Megachile frugalis 0 0 0 1 0 1 0 1 
Megachile gemula 0 0 0 0 0 0 0 0 
Megachile inimica 0 0 0 6 2 8 0 8 
Megachile latimanus 7 0 7 3 1 4 0 4 
Megachile mendica 2 0 2 18 39 57 1 56 
Megachile montivaga 1 0 1 6 7 13 4 9 
Megachile petulans 5 0 5 36 71 107 0 107 
Megachile rugifrons 0 0 0 1 0 1 0 1 
Melissodes agilis 1 0 1 5 7 12 1 11 
Melissodes bimaculata 9 0 9 2 3 5 0 5 
Melissodes boltoniae 4 0 4 0 0 0 0 0 
Melissodes coloradensis 5 0 5 1 0 1 1 0 
Melissodes communis 0 0 0 2 1 3 0 3 
Melissodes comptoides 1 0 1 3 1 4 0 4 
Melissodes coreopsis 5 0 5 4 2 6 0 6 
Melissodes denticulata 5 0 5 36 0 36 3 33 
Melissodes desponsa 1 0 1 0 1 1 0 1 
Melissodes druriella 0 0 0 1 0 1 0 1 
Melissodes sp. 0 0 0 1 0 1 1 0 
Melissodes subillata 0 0 0 2 0 2 0 2 
Melissodes trinodis 2 0 2 11 64 75 2 73 
Melissodes vernoniae 3 0 3 6 0 6 0 6 
Migachile inimica 1 0 1 0 0 0 0 0 
Osmia cordata 0 0 0 0 3 3 0 3 
Osmia pumila 0 0 0 1 0 1 1 0 
Osmia simillima 0 0 0 0 2 2 2 0 
Protandrena bancrofti 0 0 0 1 2 3 0 3 
Pseudopanurgus albitarsis 1 0 1 2 4 6 0 6 
Table A1 (Continued) 
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  Year 
Collection 
Method 
Year 
Collection 
Method 
Species 2000 
Malaise 
Trap 
Sweep 
Net 
2014 2015 Total 
Bowl 
Trap 
Sweep 
Net 
Pseudopanurgus compositarum 0 0 0 0 1 1 0 1 
Pseudopanurgus labrosus 0 0 0 0 1 1 0 1 
Sphecodes cressonii 2 0 2 1 0 1 0 1 
Svastra obliqua 1 0 1 14 6 20 0 20 
Tetraloniella albata 0 0 0 2 5 7 0 7 
Triepeolus concavus 0 0 0 1 1 2 0 2 
Triepeolus sp. 1 0 0 0 1 0 1 0 1 
Triepeolus sp. 2 0 0 0 1 0 1 0 1 
Unidentifiable bee spp. 0 0 0 1 28 29 9 20 
Xeromelecta interrupta 0 0 0 1 0 1 0 1 
Xylocopa virginica 0 0 0 42 69 111 0 111 
         
Total 366 1 365 3503 5396 8899 1204 7695 
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